Rationale: Palisaded neutrophilic and granulomatous dermatitis (PNGD) is a benign, inflammatory dermatosis with distinct histopathological features often observed in patients with systemic diseases. There were no reports of PNGD without underlying systemic diseases as an underlying cause of hypercalcemia. Herein, we report a case of a 62-year-old man with hypercalcemia due to PNGD, but with no underlying systemic diseases, including tuberculosis, sarcoidosis, or vasculitis.
Introduction
Palisaded neutrophilic granulomatous dermatitis (PNGD) is a rare neutrophilic dermatosis that characteristically presents in patients with underlying connective tissue diseases, [1, 2] vasculitis, [3, 4] or malignancy. [3, 5] However, previous cases with no underlying systemic diseases have been reported. [5, 6] Herein, we describe the case of a man with hypercalcemia possibly secondary to PNGD, but with no underlying systemic diseases, including tuberculosis, sarcoidosis, or vasculitis. PNGD should be considered as a cause of hypercalcemia even in the absence of associated chronic diseases.
Case presentation
A 62-year-old Asian office-worker complained of dark red papules and nodules, scattered mainly on the trunk, of 3-year duration. The erythema gradually fused into a dark red erythemarelated situation forming geographical areas over his entire body, including extremities ( Fig. 1A and B) . The patient had been receiving topical steroid therapy at a local dermatology clinic for 3 years and there was adhesion of monitoring. The patient had no other symptoms during this period apart from the skin rash. He Editor: Sergio Gonzalez Bombardiere.
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was admitted to our department in November 2014 secondary to fever, fatigue, nausea, and anorexia. The patient had no other relevant past or family history, including autoimmune diseases or liver diseases, and denied history of surgery, trauma, or drug allergies. The patient was not receiving any medications or dietary supplements. Physical examination was significant for the skin rash only, with no lymphadenopathy. Laboratory tests showed an elevated C-reactive protein (CRP) level of 23.3 mg/dL, an elevated corrected calcium level (correction based on the serum albumin level) of 12.8 mEq/L, a normal 25-hydroxyvitamin D level (29 ng/mL; normal range: 7-41 ng/mL), and an elevated 1,25-dihydroxyvitamin D level (124 pg/mL; normal range: 20-40 pg/mL). Parathyroid hormone (PTH) and PTHrelated protein levels were low. There were no abnormalities in the urinalysis. There were no other abnormalities that could explain the patient's hypercalcemia (Table 1) .
Positron emission tomography-computed tomography scan (PET-CT) showed abnormal uptake in his skin, hilar lymph nodes, and bone marrow (Fig. 2) . PET-CT did not show hilar lymphadenopathy. Bone marrow biopsy and endobronchial ultrasound-guided transbronchial needle aspiration of the hilar lymph nodes showed no abnormalities, including possibility of sarcoidosis or tuberculosis, and histopathological examinations of the skin (of the left upper arm, the left femur, the right chest, and the lower abdomen) showed palisaded granulomatous infiltrate all through the dermis. Neutrophils, partial collagen degeneration, and fibrin were present in the centers of the palisades without prominent mucin. Histiocytes had circular or semicircular nuclei which did not have increased chromatin, irregular contours, or mitotic figures. Histiocytes showed both diffuse infiltration and palisaded granulomas. There were no eosinophils, central necrosis, or necrotizing vasculitides. These features were consistent with PNGD (Fig. 3A) .
Blood, sputum, and urine culture tests, including culture for tuberculosis, and interferon-gamma release assay, yielded negative results, and serum levels of angiotensin-converting enzyme were normal. Although laboratory tests showed positive antinuclear antibody (speckled pattern), the patient had no specific antibodies, including anti-Ro (anti-Sjögren's-syndromerelated antigen A) antibody, anti-U1 ribonucleoprotein antibody, or anti-Sm antibody. The patients did not have any symptoms of connective tissue diseases or organ involvement. No underlying systemic diseases, including tuberculosis, sarcoidosis, systemic lupus erythematosus, or vasculitis, were identified. A diagnosis of PNGD with hypercalcemia was established, and oral prednisolone (30 mg/day) was administered to the patient. Symptoms resolved after 3 days of medical treatment, with normalization of calcium (correction based on serum albumin level; 9.8 mEq/L), 1,25-dihydroxyvitamin D and CRP levels after 1 month. After 6 months of treatment, prednisolone was tapered to 14 mg/day, and the exanthema changed to postinflammatory pigmentation with significant improvement of the condition, up to almost cure (Fig. 1C) . The patient's adherence to treatment and tolerability was very good. No adverse effects were reported.
Materials and methods

Immunohistochemistry of skin tissue
Skin biopsies were taken from the left upper arm before and after treatment and the tissue was fixed in 10% formalin. After inhibition of endogenous peroxidase activity with 0.3% hydrogen peroxidase in methanol for 30 minutes, dewaxed paraffin sections were pretreated with 1% bovine serum albumin (BSA; Serologicals Proteins Inc. Kankakee, IL) in phosphate-buffered saline (PBS) (1% BSA-PBS) for 30 minutes. Sections were then incubated for 2 hours at room temperature with sheep anti-25 (OH) vitamin D3-1a-hydroxylase (BioLogo, Kronshagen, Germany) diluted at 1:800 with 1% BSA-PBS. This was followed by incubation with horseradish peroxidase-conjugated donkey anti-sheep IgG (Bethyl Laboratories, Inc., Montgomery, TX) diluted at 1:100 with 1% BSA-PBS. For visualization of all immunoreactions, immune complexes were visualized using 3,3 0 -diaminobenzidine tetrahydrochloride (Dojindo Laboratories, Kumamoto, Japan).
Results
Skin specimens before and after treatment were assessed using immunohistochemistry for 1a-hydroxylase. Granuloma and epidermal cells were 1a-hydroxylase-positive before treatment (Fig. 3C, upper panel) . After treatment, the granuloma diminished in size and 1a-hydroxylase-positive areas of the epidermal cells decreased ( Fig. 3B; C, lower panel) . 
Discussion
Hypercalcemia is a relatively common metabolic derangement, most commonly caused by hyperparathyroidism and malignancy. Causes of hypercalcemia can be divided into PTH-dependent and PTH-independent causes. [7] Granulomatous diseases can cause PTH-independent hypercalcemia. [7, 8] In these diseases, the extra renal production of 1,25-dihydroxyvitamin D by macrophages can lead to increased bone resorption and intestinal calcium absorption. [9, 10] 1a-hydroxylase is the enzyme which converts 25-hydroxyvitamin D to 1,25-dihydroxyvitamin D, the biologically active form of the molecule. [11, 12] The patient's symptoms, fatigue, nausea, and anorexia, could have been attributed to hypercalcemia. We considered PTHindependent hypercalcemia because PTH levels were low. The patient was not receiving any medications or dietary supplements that could have caused the hypercalcemia. Although the patient underwent electrocardiogram, abdominal ultrasonography, chest-abdomen-pelvic contrast-enhance CT, PET-CT, magnetic resonance cholangiopancreatography, upper gastrointestinal endoscopy, colonoscopy, skin and bone marrow biopsies, and endobronchial ultrasound-guided transbronchial needle aspiration of the hilar lymph node, he had no evidence of other granulomatous diseases, cancers or hematologic diseases, including tuberculosis, sarcoidosis, lymphoproliferative diseases and multiple myeloma. The patient consulted an ophthalmologist and there are no ophthalmologic abnormalities. In addition, he had no symptoms or evidence of connective tissue diseases, including arthritis, Raynaud's phenomenon, scleroderma, myalgia, muscle weakness, xerostomia, xerophthalmia, or photosensitivity. The histopathological examinations of the skin had no findings of interface dermatitis, cutaneous lupus, sarcoidosis, or leprosy. Thus, a diagnosis of PNGD with hypercalcemia was established.
PNGD is a benign, inflammatory dermatosis with distinct histopathological features often observed in patients with systemic diseases such as connective tissue diseases and lymphoproliferative diseases. [5] However, no underlying systemic diseases, including other granulomatous diseases that cause hypercalcemia, such as sarcoidosis, [7, 8] were identified in this patient. PNGD shows some histopathological stages, which may suggest the development of the disease. [5, 13] Early-stage lesions show leukocytoclastic vasculitis with diffuse pandermal neutrophilic infiltrates and altered collagen. [5, 13] In fully developedstage lesions, palisaded granulomas surround leukocytoclastic debris, fibrin, and degenerated collagen, and resolving lesions show palisaded granulomas with dermal fibrosis. [5, 13] Histopathological features of the skin in the patient were consistent with these findings.
This patient had a normal 25-hydroxyvitamin D level and an elevated 1,25-dihydroxyvitamin D level. Before treatment, granuloma and epidermal cells of the skin were 1a-hydroxylase-positive, and after treatment the granuloma diminished in size, 1a-hydroxylase-positive areas of the epidermal cells decreased, and levels of calcium and 1,25-dihydroxyvitamin D returned to normal. From these data, we showed that increased 1a-hydroxylase expression in the granuloma and epidermal cells could result in hypercalcemia due to excessive transformation of 25-hydroxyvitamin D to 1,25-dihydroxyvitamin D. This study has some limitations. The patient was performed endobronchial ultrasound-guided transbronchial needle aspiration of the lung hilar lymph nodes, however could not be performed lung hilar biopsy. Thus, we cannot perfectly rule out whether lung hilar lymph nodes also contribute to hypercalcemia. We cannot perfectly rule out whether this patient will have other systemic diseases including sarcoidosis or connective tissue diseases in future. Although PNGD is a rare disease, we could not collect the cases of PNGD with hypercalcemia or undertake a literature review. We could not show a direct causal relation between PNGD and hypercalcemia.
